**What was known?**

Atopic dermatitis is a well-recognized clinical entity, the etio-pathogenesis of which is largely elusive, contemplating future research.

Introduction {#sec1-1}
============

Atopic dermatitis (AD) is an itchy, chronic, and/or chronically relapsing, inflammatory dermatosis, its rash is characterized by itchy papules, occasionally vesicles which become excoriated and lichenified, and typically have a flexural distribution. It is frequently associated with other atopic conditions in the individual or other family members.\[[@ref1][@ref2][@ref3]\] Atopic dermatitis/eczema for nearly two centuries has challenged neither the generation of medical scientists, who to this date have neither found a single distinguishing clinical feature nor a diagnostic laboratory test of the universally occurring disorder with an alarming rise in prevalence.\[[@ref4]\] The clinical phenotype that characterizes AD is the product of complex interactions among susceptibility genes, the host\'s environment, defects in skin barrier function, and systemic and local immunologic responses.\[[@ref5][@ref6][@ref7]\] Although Sulzberger and associates have been credited with devising the term atopic dermatitis in the year 1930, the condition had been described for over a century prior to this time, as disseminated neurodermatitis, pruritic rash or Besnier\'s Prurigo.\[[@ref8][@ref9][@ref10]\]

 {#sec2-1}

### Prevalence {#sec3-1}

AD is one of the major public health problems worldwide. Its prevalence\[[@ref11][@ref12]\] in children varies from 0.7% to 26%, while in adults it may range from 1% to 3%. Interestingly, its prevalence is much lower in developing countries when compared with industrialized nation\[[@ref13]\] William *et al.*\[[@ref14]\] have reported that in children, males show an increased incidence while in adult patients, females out number males. In the past 30 years, the prevalence of AD has increased two to three times, suggesting that the environmental factors are now playing more significant role in provocation of the disease.\[[@ref15]\] A majority of cases have been recorded to begin in early life. The disease takes a chronic course, with a clearance rate of 60% by the age of 16.\[[@ref16][@ref17][@ref18]\] Severe childhood affliction, concomitant/family history of eczema and early onset indicate a worse prognosis.\[[@ref16]\]

### Etio-pathogenesis {#sec3-2}

Genetics

AD is a complex genetic disease, and for obscure reasons shows a strong maternal influence.\[[@ref19]\] The inability to demonstrate a consistent pattern of inheritance in the disorder is best explained by the presence of several genes for any given atopic phenotype interacting with each other and environment to influence disease expression.\[[@ref20]\] A much higher disease concordance has been recorded in monozygotic twins (80%) when compared with dizygotic twins (30%\[[@ref21]\] Relevant to AD as part of a systemic atopic disorder, candidate genes involving immunoglobulin (IgE) and Th2 Cytokines have been identified. Studies have identified susceptibility loci on 1q21, 3p24-22, 3q21 and 17q2\[[@ref22]\] in association with atopic dermatitis. A number of other associated loci have also been reported by further association with disease severity, IgE, or concurrent asthma, namely 3p26-24, 3q14, 4p15-14, 13q14, 15q14-15, 17q21, 18q11-12, 18q21 and 20.\[[@ref23][@ref24]\] A polymorphism in the gene encoding the chain of the high affinity IgE receptor FCR1 has demonstrated a highly significant association with atopic dermatitis.\[[@ref25]\] Genes on chromosome 5q encoding the cytokine gene cluster have been linked to atopic mucosal syndrome\[[@ref26]\] and include associations with polymorphisms in the Interleukin 4 (IL-4) gene with atopic dermatitis.\[[@ref27][@ref28][@ref29][@ref30]\] A gene at 16p11.2-12 encoding the chain of the IL-4 receptor has been linked to atopy.\[[@ref31][@ref32][@ref33]\] Variants in the RANTES gene promoter region have also been reported to be associated with atopic eczema\[[@ref34]\] and further studies have demonstrated this variant to be associated with enhanced regulated upon activation normal T cell expressed and presumably secreted (RANTES) production.\[[@ref35]\]

Maternal factors and inheritance

AD shows a strong maternal influence that is children of atopic mothers are more likely to be atopic those of atopic father.\[[@ref36]\] Cord blood IgE is high in babies whose mothers are atopic or have high IgE, whereas paternal atopy or raised IgE are not associated with raised cord blood IgE. Genes encoding IgE responsiveness, located on chromosome 11q13, are more frequently inherited from the maternal side.\[[@ref37][@ref38]\]

Pregnancy/intrauterine factors

For atopy, there is a positive correlation between increasing birth weight and prevalence of atopic eczema.\[[@ref39][@ref40][@ref41]\] Another possible factor is the onset of immunological sensitization through intrauterine exposure to food and environmental allergens. The concentration of IgE in cord blood is a predictor for subsequent development of atopy.\[[@ref42]\] Maternal exposure to a number of agents, including antigens, alcohol, cigarettes and other pollutants, has attracted attention, but none has emerged as a major regulatory factor.\[[@ref43]\]

Environmental factors

A different prevalence in populations of the same genetic background separated only by geographical factors is well documented in developed countries. The two principal aspects that have attracted attention are "pollution" and "microbe".\[[@ref43]\]

Interaction with environmental microbes may be important in the causation of atopic eczema in a number of ways. First, early life exposure may condition the maturation of the immune system so that the apparent dysregulation associated with production of IgE antibody and formation of allergies does not occur. Secondly, in individuals with the atopic phenotype, eczema may be induced or exacerbated by staphylococcal toxins or by the presence on the skin of *Malassezia* yeasts.\[[@ref43]\]

Early exposure to *hepatitis A virus, Helicobacter pylori* or *Toxoplasma gondii* is reported\[[@ref44]\] to reduce the risk of atopy by more than 60%.

Significant differences have been observed in the prevalence of allergies between rural and urban areas within one country, which could also reflect different levels of exposure to microbes.\[[@ref45]\] A study comparing the severity of AD in Indian children in the UK or USA, and in India revealed a less-severe form of the disease in children born and brought up in India. This study highlighted the influence of acquired factors: Temperature, humidity, food habits, clothing and psychological impacts on the clinical expression and severity of the disease.\[[@ref46][@ref47]\]

Immune dysregulation

In infants destined to develop infantile atopic eczema, the basal production of interferon-γ is particularly low and Th2 dominant responses persist.\[[@ref48]\] Although development of acute lesions of atopic dermatitis is characterized by Th2 cytokines, persistence to chronic disease is associated with Th1 production as well. The reasons why the atopic immune system responds with ready generation of Th2 lymphocytes are not clear, but a hypothesis attracting much attention is the so-called hygiene hypothesis. This proposes that exposure in early life to microbes of various types, but especially those possessing lipopolysaccharide (LPS) endotoxin such as *E. coli* and other enteropathogens, is critical in pushing immune responses towards a Th1 type. The LPS activates production of IL-12 by DCs, which promotes production of interferon-γ and hence can deviate T-cell activation induced by any other antigen present at the same time towards a Th1 response.\[[@ref43]\]

Chemokines are cytokine-like molecules which are essential for cellular recruitment to tissues in response to injury or infection. Chemokine--receptor interactions have been implicated in atopic dermatitis by demonstration of a significant role in skin homing of T cells.\[[@ref43]\]

Immuno-globulins

Immunoglobulin E (IgE): Increased production of IgE is the main immunoglobulin abnormality in AD, about 80% of patients have increased amounts of total IgE.\[[@ref43]\] If dermatitis is the only clinical manifestation of atopy, the amounts of total IgE may be little above the normal range, and the patients show no anaphylactic sensitivity to environmental antigens. If there is concomitant asthma or allergic rhinitis the concentrations of IgE may be very much above normal.\[[@ref49][@ref50][@ref51]\]

Epithelial dendritic cells (DC) expression of fc epsilon R1 is significantly increased in individuals with AD. IgE also increases in amount with increasing severity, and extent of the dermatitis, even without respiratory allergy, and patients with high levels are likely to have a poorer prognosis.\[[@ref43]\]

IgE is involved in autoimmune reactivity in two ways.

Firstly, it is an antigenic target for IgG anti-IgE antibodies andSecondly, it can also be autoreactive, with specific city for self proteins. IgE occurs in serum in the form of immune complexes with IgG and C3, but the amounts of perceptible complexes are not related to the concentrations of serum IgE or to the severity of the skin condition.\[[@ref52][@ref53]\]

In a study of 102 consecutive patients, both children and adults, with AD were enrolled and 107 age- and sex-matched persons without any personal or family history of atopy were taken as controls. Patients with AD having other systemic diseases were excluded from the study. Analysis of variance was performed on parameters of severity of AD, eosinophil count and IgE levels with respect to independent variables like sex, family history of atopy either in father, mother or both, sex and associated atopic conditions bronchial asthma (BA), allergic rhinitis (AR). Each of the parameters were compared against the other using Product Moment Correlation to observe any significant covariance. The mean age at onset of AD was 4.55 (SD 3.63) years and in patients with AD, the mean absolute eosinophil count was 624 (SD 590) and the mean IgE level was 278.29 (SD 324.85); the corresponding values were 121 (SD 109) and 25.8 (SD 23.36), respectively, for the controls. The AEC and IgE levels were higher in patients with AD than in controls. They also found that both AEC and IgE levels showed significant covariance with disease severity.\[[@ref54]\]

Another study was designed to assess these allergen-specific antibodies in the diagnosis of AD. This prospective study comprised of 50 patients of AD. Serum IgE levels were estimated and specific IgE antibodies were measured for 20 food allergens and aeroallergens. IgE was elevated in 88% of the patients, and the highest elevation of mean IgE levels was in the 10-20 years age group.\[[@ref55]\]

Other immunoglobulins: The amounts of IgG, IgA and IgM in atopic dermatitis are usually normal, but increases have been reported, particularly in severely affected persons. However, in patients with severe eczema complicated by cutaneous infection, an increase in IgG appears to be due to antibodies to bacteria.\[[@ref42]\]

Although total IgG usually remains within normal limits, some patients show an increase in the subclass IgG4.\[[@ref56]\]

It has been proposed that atopic subjects have an IgA deficiency which permits excessive absorption of allergen through mucosae, resulting in increased production of IgE.\[[@ref43]\]

Role of diet

An open-pilot study investigated the feasibility of dietary eliminations in the Indian scenario and also assessed the effect it has on Indian children with AD. A group of 100 children were assessed for severity of itching, surface area of involvement and SCORAD (SCORing Atopic Dermatitis) index. Children without any systemic disease or those who were not on systemic corticosteroids were included in the study, and were advised to strictly adhere to a diet excluding milk and milk products, all kinds of nuts and nut-containing foods, egg and egg-containing foods, sea fish and prawns, brinjal and soyabean for a period of 3 weeks. The food items to be included freely to maintain proper nutrition were dal and dal products, rohu fish, chicken and fruits. Infants who were 6-12 months old were given protein hydrolysate formula instead of milk. All the pre-intervention parameters were measured again after 3 weeks. The male to female ratio of the study group was 0.92. There was a statistically significant reduction in severity scores after dietary elimination alone.\[[@ref57]\]

Role of infection

The carriage state of *Staphylococcus aureus* has been a subject of interest for quite some time. Its role in the pathogenesis and management of AD were evaluated in 50 patients aged 3 months to 12 years. An equal number of age- and sex-matched controls were also studied. The positivity in patients with AD was 50% from eczematous skin, 34% from anterior nares and 26% from normal skin. In controls, the comparative figures were 14% from anterior nares and 10% from normal skin. Treatment with oral erythromycin or cloxacillin (according to sensitivity) resulted in colony counts dropping to 18% from eczematous skin, 14% from anterior nares and 8% from normal skin after 1 week and to zero after 3 weeks, and was associated with significant clinical improvement.\[[@ref58]\] The result of this study suggests that *S. aureus* aggravates the eczematous process in patients with AD and antibiotics decrease the severity of this condition.

Innovative breakthroughs

The recent revelation that nutritional supplement (s) are incriminated in the causation of AD has triggered an innovative dialogue regarding the etio-pathogenesis. Foolad *et al.*\[[@ref59]\] have conducted an extensive systematic review comprising of 21 randomized controlled trials/cohort studies. A total of 6859 participants, comprising infants or mothers who were either pregnant or breastfeeding, received supplements. 4134 infants or mothers served as controls. Nutritional supplementation was shown to be an effective method in preventing AD (11 of 17 studies) or decreasing its severity (5 of 6 studies). It was concluded that the best evidence for long-term prevention of AD was in favor of Lactobacillus rhamnosus GG. Moreover, combination of gamma linolenic acid and omega 3 acids was helpful in reducing severity of AD. Nevertheless, supplementation with an amino acid-based formula reported conflicting findings from different research groups.

Furthermore, several reports\[[@ref60]\] have suggested a pathogenic undertone for vitamin D, through its immuno-modulatory properties. Skin infections could be prevented through enhanced expression of antimicrobial peptides by the active form of Vitamin D~3~- 1,25-Dihydroxyvitamin D, particularly in AD. Another study\[[@ref61]\] demonstrated vitamin D mediated expression of toll like receptors and production of cathelicidin. In yet another study\[[@ref62]\] comprising 95 AD patients and 58 controls, vitamin D3 levels were assessed by SCORAD (scoring atopic dermatitis) in both groups. Higher frequency of bacterial infections in AD patients with lower vitamin D3 levels was found. After supplementation with vitamin D both mean objective SCORAD ad SCORAD index were found to be significantly low (*P* \<.05), indicating that vitamin D supplementation may help ameliorate clinical signs of AD.

**What is new?**

Nutritional supplements, vitamin D and its derivatives (Vitamin D3-1,25-Dihydroxyvitamin D1) through their immuno-modulatory properties are now being incriminated to prevent skin infection by enhancing the expression of antimicrobial peptides. Lactobacillus rhamnosus GG, too, may play a long term prevention of atopic dermatitis.
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